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Description

BACKGROUND

[0001] As batteries degrade over time and use their
capacity decreases and their internal resistance increas-
es. Degradation of batteries is accelerated by extreme
temperatures, excessive charging or discharging or cy-
cling the batteries through too wide a state of charge
range. Not only does degradation of batteries lessen their
usefulness, but it can also lead to increases in safety
risks, especially when employed in vehicles.
[0002] Battery systems employed in vehicles and larg-
er systems are expensive and difficult to replace or main-
tain. Battery State of Health (SOH) measurement and
estimation allows for more precise monitoring of such
battery systems and thus increased understanding of
battery performance and longevity. Such information can
be used to plan preventative maintenance and ensure
that batteries are used for their full useful life. SOH infor-
mation can also be contractually useful in instances when
battery packs are leased.
[0003] Previously battery SOH measurements have in-
volved lengthy and energy intensive processes. These
processes may include a constant discharge of the bat-
tery over time which wastes energy and requires the bat-
tery to be out of service for an extended period, some-
times over eight hours.
[0004] Alternatively, SOH measurements use electro-
chemical techniques which involve directed measure-
ment of electrolytes and electrodes of the battery. Such
techniques involve a much more involved investigation
of the battery and often require at least partial disassem-
bly of the vehicle or device employing the battery if not
of the battery itself.
[0005] Still other methods of SOH measurement re-
quire complicated and expensive equipment such as
spectrometers or non-optical microscopes. Such equip-
ment would be hard to employ in many environments and
once again require special techniques to use.
[0006] In avoiding such complicated and expensive
techniques some methods of battery SOH measurement
have been developed which seek to apply mathematical
models to estimate a battery’s SOH. However, these
models often require analysis of a large number of bat-
teries of a similar construction in order to develop and
must make assumptions regarding the type of battery
cycles. In other words, they are rough estimations which
assume that all batteries of a certain type are the same
and they are all experiencing the same type of cycling.
Assumptions which remain untrue in many operating en-
vironments, especially those of large machines in under-
ground operation.
[0007] CN204030688U details an on-vehicle battery
management system which monitors conditions of indi-
vidual battery cells within a vehicle. The system has a
wireless communication interface and a memory to pro-
vide for backup in instances when the wireless commu-

nication interface is inoperative.
[0008] EP2068161 details a method for determining
state of health of a battery by comparing the difference
in internal resistance of a battery during and after charg-
ing. The method seeks to avoid complicated tracking of
battery system usage. Within the method described for
determining battery state of health by measuring internal
resistance, or internal conductance, it is mentioned that
the battery may not be charging or under load.
[0009] US2014145684 discloses a rechargeable bat-
tery pack that is discontinuously charged in multiple dis-
crete charging intervals. Reductions in battery pack volt-
age that occur during non-charging intervals, each tran-
spiring between a respective pair of the discrete charging
intervals, are measured. Multiple resistance values that
characterize the internal resistance (DC resistance) of
the battery pack are generated based on the reductions
in battery pack voltage that occur during the non-charging
intervals.
[0010] US2018372806 discloses providing an auto-
claveable lithium battery for a medical device, receiving
a charging signal from a charging device, and initiating
a charging cycle to charge a cell of the battery based on
the charging signal. The charging cycle includes a con-
stant current phase and a constant voltage phase. The
method also includes monitoring a current provided to
the cell during at least a portion of the constant voltage
phase, calculating a current taper time based on the cur-
rent provided during the constant voltage phase, and de-
termining an amount of degradation of the battery based
on the current taper time.

SUMMARY OF THE INVENTION

[0011] The present invention provides for methods and
systems for determining parameters of a battery under
charge. These methods and systems consider each bat-
tery or battery pack individually and do not require that
the battery be taken offline for testing or that expensive
equipment be used in making such determinations.
[0012] The present invention provides for the ability to
determine battery SOH during normal charging without
the need to subject the battery to a special SOH estima-
tion routine.
[0013] The invention is defined by the features of the
independent claims. Some specific embodiments are de-
fined in the dependent claims.
[0014] According to a first aspect of the present inven-
tion, there is provided a method for determining the state
of health of a battery according to claim 1.
[0015] According to a second aspect of the present
invention there is provided a battery charging station ac-
cording to claim 12.
[0016] According to a third aspect of the present inven-
tion there is provided a work machine according to claim
14.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIGURE 1 shows the degradation of individual LFP
battery cells over a number of cycles.
FIGURES 2A - 2C illustrate the derivation of an in-
cremental capacity curve according to at least some
embodiments of the present invention.
FIGURE 3 shows a comparison of incremental ca-
pacity curves derived from a battery after a variety
of cycles.
FIGURE 4 illustrates an example apparatus capable
of supporting at least some embodiments of the
present invention.

EMBODIMENTS

DEFINITIONS

[0018] The term battery as used herein includes but is
not limited to: a battery, a battery cell and battery packs.
[0019] As seen in FIGURE 1, battery or cell capacity
degrades at a different rate in individual batteries. As
such it is not always possible to accurate estimate a bat-
tery’s state of health based on algorithms which assume
that all batteries of a certain type degrade uniformly.
[0020] Many embodiments of the present invention not
only allows for a determination of an individual battery’s
state of health, but also makes this determination during
charging such that the battery is not taken out of service
solely to determine its state of health. This is accom-
plished within at least some embodiments of the present
invention by gathering data across multiple charging in-
stances. Such data gathering can be preferable to data
gathered during discharging as charging is more consist-
ent. When a change in behavior across charging instanc-
es is noted a change in the battery’s state of health can
be determined.
[0021] Battery state of health (SOH) is an indicator
which describes the present condition of a battery. It is
most often described as a percentage compared to a
fresh battery where a fresh battery would have a SOH of
100 %. SOH can be determined based on many factors,
for example, SOH can be based on the overall energy
capacity of a battery. In such instances a SOH of 100%
would indicate that the battery could still maintain its rated
capacity. Such a SOH accounts for capacity degradation
of batteries over time. Another example of a factor which
can determine SOH would be battery power capability
which would account for the battery’s impedance in-
crease over time.
[0022] Battery SOH determinations can be used to
make a determination if the battery has reached an End
of Life (EOL) condition. That is, the battery is no longer
fit for use in an intended application. EOL conditions may
vary based on the application and type of battery em-
ployed. For example, generally batteries having an 80%

SOH may be considered to have reached their EOL when
employed in industrial applications.
[0023] Embodiments of the present invention may em-
ploy a wide variety of methods to determine battery SOH.
For example, methods may be employed which take di-
rect measurements of the batteries during charging or
use. Certain methods utilize models developed based on
the battery model or a sampling of batteries under use.
Some methods employ machine learning. Still other
methods use incremental capacity analysis, differential
voltage analysis, differential thermal voltammetry or
fuzzy logic.
[0024] Certain embodiments of the present invention
provide a method for determining the state of health of a
battery by monitoring charging of the battery over multiple
charging instances. Such methods may be implemented
by charging stations, for example charging stations em-
ployed for mining vehicles in underground conditions. In
at least some embodiments the method comprises the
steps of: recognizing the battery via a unique identifier;
charging the battery; monitoring at least one of: a voltage
supplied to the battery, a current supplied to the battery
and a temperature of the battery while charging the bat-
tery; storing data based at least partially on the values
monitored during charging; retrieving data related to at
least one earlier charging instance of the uniquely iden-
tified battery; and making a determination of the uniquely
identified battery’s state of health based at least partially
on a comparison of data related to the current charging
instance and the retrieved data.
[0025] Within certain embodiments of the present in-
vention the battery is recognized using a unique identifier
using a conductive connection to the battery. For exam-
ple a communications connection port of the charging
station may be connected to a communications port of
the battery or a vehicle in which the battery is installed.
Some embodiments identify the battery by identifying the
equipment in which the battery is installed, for example
the charging station may recognize a machine or vehicle
which is connected to the charging station and thus iden-
tify the battery. Identification of the battery may be per-
formed using a variety of techniques, for example, a vis-
ual identification may be made, a radio frequency iden-
tification (RFID) tag may be read from a battery or vehicle
or a wireless communication link may be used to com-
municate between the charging station and battery or
vehicle.
[0026] Using historical charging data a charging sta-
tion employing embodiments of the present invention
may use a variety of methods to make a determination
of the battery’s state of health. In at least some embod-
iments, the only data used in the determination of the
battery’s state of health is data gathered during charging
of the battery. It at least some embodiments this includes
data gathered during an ongoing charging instance and
historical charging instances.
[0027] At least some embodiments of the present in-
vention employ an enhanced coulomb counting method
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of determining SOH for a battery. Within such methods
the charging unit integrates a current provided to the bat-
tery in order to determine an amount of charge provided.
This information can then be combined with state of
charge information in order to determine how much en-
ergy was required to bring the battery from one state of
charge to another. Comparing this information to histor-
ical information can then be used to determine the bat-
tery’s state of health. In some embodiments the method
of determining the battery’s state of health looks through
historical data to try and compare instances when the
battery was charged the most, for instance when the bat-
tery was charged from a fully depleted or near fully de-
pleted state to a fully charged state.
[0028] Certain embodiments of the present invention
make a determination of battery state of health using only
data which was measured during a constant-current
phase of charging. Such a limitation can help to eliminate
variations in measurements and allows for comparison
of a similar condition across historical use of the battery.
[0029] At least some embodiments of the present in-
vention utilize a recursive algorithm to estimate the SOH
of the battery. Certain embodiments employ an equiva-
lent circuit model in addition to a recursive algorithm in
order to determine battery SOH. These embodiments are
adaptive to a wide array of input values and can be used
when measurements may be noisy or contain inaccura-
cies.
[0030] Within some embodiments of the present inven-
tion a neural network is employed in order to determine
parameters of the battery including SOH. Such embod-
iments may use data collected across multiple batteries
in order to develop a model which can then be applied
to determine individual battery SOH. Individual battery
SOH determinations would then use the model devel-
oped along with data collected across multiple charging
instances to determine the unique battery’s SOH.
[0031] At least some embodiments of the present in-
vention make a determination of the battery’s SOH based
at least partially on a change in monitored values be-
tween at least two monitored charging sessions. For ex-
ample, certain embodiments of the present invention im-
plement an incremental capacity analysis of the battery
in order to determine battery SOH.
[0032] Within embodiments employing Incremental
Capacity Analysis (ICA) the battery’s charged capacity
is differentiated with respect to the battery’s terminal volt-
age in order to obtain an incremental capacity curve
(dQ/dV). An example incremental capacity curve is pro-
vided in FIGURE 2A. As can be seen in figure 2, changes
in the incremental capacity curve reflect changes in the
behaviour and electrochemical properties of the battery.
These changes can be monitored over a variety of charg-
ing instances to arrive at a SOH for the battery.
[0033] FIGURES 2B and 2C demonstrate the deriva-
tion of an incremental capacity curve of figure 2A. Figure
2B illustrates the voltage and capacity data which are
monitored during charging of the battery. Each of the

charts within figure 2B are shown over the same charging
period. Battery terminal voltage can be monitored either
via electronics integrated within the battery charger or
through separate voltage meters provided on the battery
pack or within the vehicle or machine employing the bat-
tery. As shown in the top figure of figure 2B, the charge
capacity of the battery can be determined a variety of
ways including integration of the amperage supplied to
the battery or derivation via other monitored values such
as a change in battery terminal voltage.
[0034] Within figure 2B, the voltage and capacity val-
ues are highlighted during a constant current charging
period. At least some embodiments of the present inven-
tion make a determination of the battery’s state of health
based on data gather during such a constant current
charging. In the illustrated instance, the constant current
supplied during the highlighted period is C/3 or one third
the battery’s C-rate, also known as nominal charging
rate. The voltage and capacity values during this period
are then plotted within FIGURE 2C such that the battery’s
capacity is on the y-axis versus the battery’s voltage on
the x-axis. At least some embodiments employ a curve
fitting to the values, such as support vector regression in
order to arrive at a smoother curve for derivation. The
curve of figure 2B is then derived in order to arrive at the
values of figure 2A showing a dQ/dV plot.
[0035] While methods employing ICA during charging
are primarily discussed herein, ICA can also be used to
determine battery parameters, including SOH, during
discharging. Within at least some embodiments of the
present invention it has been determined that ICA per-
formed during a constant current charging or discharging
provides for a more accurate parameter determination.
Similarly, embodiments which analyse a lower charging
rate have proven to give more accurate results. At least
some embodiments limit their data collection for ICA SOH
determination to constant current charging or discharg-
ing that is at a rate of C/2 or lower, preferably C/3 or lower.
[0036] In certain embodiments of the present invention
charging is controlled such that at least one of the mon-
itored parameters is held within a predetermined range
during a predetermined time period. As detailed above,
this could be, for example, a constant rate of charging
over a given time period. Alternatively, some embodi-
ments maintain a certain parameter constant over a pre-
determined range of another parameter during data gath-
ering. For example the current may be held constant be-
tween two battery voltage levels and data is gathered
only which the current is held constant. For further ex-
ample, a parameter may be held constant across multiple
charging instances to provide for more accurate deter-
minations of battery SOH.
[0037] ICA has proven effective across a wide array of
battery chemistries and constructions. Lithium-titanate,
lithium-iron-phosphate and lithium-mananese-cobalt-
oxide batteries have especially shown distinctive chang-
es in their dQ/dV curves which can be used to determine
battery parameters including SOH.
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[0038] As seen in FIGURE 3, comparison of a battery’s
dQ/dV curve over time can be used to make a determi-
nation of a battery’s age and level of degradation or the
battery’s SOH. Within figure 3 the dQ/dV curve for a bat-
tery cell is plotted at for five different charging instances.
First at 1000 cycles peaks 1 and 2 show their highest
values which degrade consistently after 2000, 3000,
4000 and 5000 cycles with peak 2 becoming rather non-
distinct after 5000 cycles. Certain embodiments of the
present invention utilize changes in the second peak of
a dQ/dV curve in order to determine the capacity or SOH
of the battery as, with at least some batteries, changes
in the second peak show excellent correlation to a change
in battery SOH.
[0039] At least some embodiments of the present in-
vention store indications of the number of times the bat-
tery has been charged along with parameters of each
charging. In such embodiments the first charging in-
stance may provide parameters, such as the highest
peaks on a dQ/dV curve for comparison to later charging
instances. In at least some embodiments the only infor-
mation needed from the battery in order to make a de-
termination of state of health is a unique identifier for said
battery.
[0040] Certain embodiments of the present invention
determine the battery’s state of health based at least par-
tially on a change in the charge of the battery over a
change in voltage of the battery. For example, based on
a dQ/dV curve as discussed above. Still other embodi-
ments base the determination of the battery’s state of
health at least partially on an instantaneous change in
the charge over a change in the terminal voltage com-
pared across a range of voltages or a range of historical
charging instances. At least some embodiments may de-
termine battery SOH based at least partially on a change
in charge over a predetermined voltage range.
[0041] Within certain embodiments of the present in-
vention the method of determining the battery’s state of
health further comprises a step of displaying or sending
an indication of the determination. For example, within
at least some embodiments data regarding the battery’s
state of health may be transmitted to a remote location
for monitoring of an underground mining operation.
Through similar communications at least some embodi-
ments are able to retrieve data regarding historical charg-
ing instances from a remote location. For example via
wired or wireless communications.
[0042] At least some embodiments of the present in-
vention ensure that a determination of battery SOH is
completed prior to the completion of charging the battery.
In such embodiments data is collected at during a time
period selected to be completed prior to the end of a
charging cycle.
[0043] In certain embodiments of the present invention
a total energy supplied to the battery is derived from the
values monitored during charging.
[0044] At least some of the steps of the methods ac-
cording to the present invention discussed above may

be completed in another order. For example, historical
information regarding charging of the battery may be re-
trieved at any point.
[0045] FIGURE 4 illustrates a charging station 400 ac-
cording to at least some embodiments of the present in-
vention. Also illustrated is an electric vehicle 405 con-
nected to the charging station 400 so that the battery 435
of the electric vehicle 405 may be charged. As shown
the charging station 400 comprises power electronics
410 for conversion of input energy into a form suitable
for charging a connected battery. FIGURE 4 also illus-
trates an optional transformer 420 for conversion of input
electricity, in this case an AC electric input which is con-
verted by the power electronics 410 into a DC output.
[0046] As shown in FIGURE 4, electrical energy
brought from an input, in this case an AC input, is con-
verted by the power electronics 410 which are controlled
by a control unit 450 of the charging station 400. By con-
trolling the power electronics 410 the control unit 450 can
ensure the proper charging procedures for the connected
battery and also implement the methods as discussed
herein by collecting information during charging. For ex-
ample the control unit may employ external meters, in-
tegrated meters, or monitor control inputs in order to de-
termine conditions of the attached battery 435 during
charging. Certain control units 450 include memory for
storage of data, while in some embodiments data is col-
lected via a separate unit such as a datalogger.
[0047] Within FIGURE 4 a separate communication
unit 470 is shown within the charging station 400. This
communication unit 470 may also be an integral part of
the control unit 450. The communication unit 470 of the
charging station 400 is used in connection with a com-
munication unit 475 of the electric vehicle in order to es-
tablish a communications link 402. This communications
link 402 may be wired or wireless. As with the commu-
nication unit 470 of the charging station 400 the commu-
nication unit 475 of the electric vehicle may be integrated
with the electric vehicle’s control unit 455.
[0048] At least some charging stations receive a DC
input and thus employ power electronics to achieve DC
to DC conversion in order to charge the battery. In such
embodiments no AC/DC conversion is required and also
no transformer at the input.
[0049] Integrated within the power electronics 410 or
control circuitry 450 are meters configured to monitor
conditions of the battery during charging. At least some
embodiments of the present invention provide for sepa-
rate meters which are in communication with the control
circuitry 450. Charging devices may have automatic con-
nection or plug-in connection.
[0050] At least some charging stations 400 according
to the present invention further comprise a supporting
battery 430 and DC to DC converter 412 connected be-
tween the supporting battery 430 and outputs of the
charging station 400. Such supporting batteries 430 may
be employed to smooth the load which the charging sta-
tion 400 puts on the electrical system, for example, to
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ensure that the charging station does not overload the
electrical system of a mine. The DC to DC converter 412
can be used to adjust the output of the charging station
such that it charges the supporting battery 430 or such
that the supporting battery 430 provides energy to the
output of the charging station 400.
[0051] As also illustrated within FIGURE 4, charging
stations according to the present invention may be
equipped with a connector or plug-in connection 401.
Within FIGURE 4 this is illustrated via the leads which
leave the charging station 400 being brought to an inlet
403 of the electric vehicle 405 wherein they are interfaced
with the electric vehicle 405. Such a connector 401 allows
for reliable and safe connection of the charging station
400 and electric vehicle 405. At least some embodiments
employ a plug-socket combination as a connector,
wherein the socket would correspond to the inlet previ-
ously mentioned. Certain embodiments employ alterna-
tive connections such as a pantograph or other onboard
current collector device suited for connecting to external
conductors. Such a pantograph may be installed either
on the electric vehicle 405 or charging station 400. When
employed on a charging station 400 the pantographs may
be configured to connect to onboard conductors, such
as busbars, which are installed on the electric vehicle.
[0052] Charging connectors according to certain em-
bodiments also include cables to allow the connectors to
be brought to an electric vehicle parked near the charging
station. Some charging connectors and cables include
pilot contacts and wires. The connector 401 of FIGURE
4 includes connections between the control unit 450 of
the charging stations and the electric vehicle’s control
unit 455 to allow for coordination between the control
units. Within at least some embodiments this coordina-
tion is realized via a wireless connector. Certain embod-
iments employ only the previously mentioned communi-
cations units.
[0053] Connectors according to the present invention
may also provide for a protective earth or grounding con-
nection 460 as illustrated within FIGURE 4. Such a con-
nection ensures that both the charging station and elec-
tric vehicle are protected or grounded during charging
operations. Contacts as illustrated within FIGURE 4 may
be realized with one or more contacts per pole, for ex-
ample there may be at least two contacts per positive
and negative DC connection.
[0054] As further illustrated within FIGURE 4, at least
some inlets 403 include a Correct Contact and Lock
(CCL) device 415, for example an interlock loop. Such a
device helps to further ensure that connectors are em-
ployed properly and safely.
[0055] Battery chargers according to the present in-
vention are configured to carry out methods of determin-
ing a battery’s SOH as discussed above. For example
the battery charger 410 of figure 4 can be configured to:
recognize the battery via a unique identifier; charge the
battery; monitor at least one of: a voltage supplied to the
battery, a current supplied to the battery and a temper-

ature of the battery while charging the battery; store data
based at least partially on the values monitored during
charging; retrieve data related to at least one earlier
charging instance of the uniquely identified battery; and
make a determination of the uniquely identified battery’s
state of health based at least partially on a comparison
of data related to the current charging instance and the
retrieved data.
[0056] At least some charging devices according to the
present invention may be operated by a mobile vehicle
or other operator. For example the charging device may
be configured to begin charging according to a method
described herein upon receiving instructions from an op-
erator to begin charging. Such instructions may be trans-
mitted from the normal operating position of the operator
within or upon the mobile vehicle, for example via an
input on a control panel of the mobile vehicle.
[0057] At least some embodiments of the present in-
vention provide for a charging device which may be au-
tomatic or at least semi-automatic. Within semi-automat-
ic chargers the charging process begins automatically
after a connection of a battery to be charged to the charg-
er. Such a semi-automatic operation may prove benefi-
cial when an operator is required to exit a mobile vehicle
in order to plug it into a charger and thus does not need
to return to the operating position of the vehicle to start
charging according to a method discussed herein. Cer-
tain charging devices according to the present invention
are automatic in that no human interaction is required in
order for charging to take place. For example a method
of charging as discussed herein may begin automatically.
[0058] Certain battery chargers according to the
present invention are configured to charge vehicle or ma-
chinery with the battery installed. That is the battery is
not removed from a normal operating position during
charging.
[0059] At least some embodiments of the present in-
vention provide for a stationary underground charging
station. Such charging stations may be used to charge
vehicles used in underground operations, such as min-
ing. These stationary underground stations are config-
ured to determine the battery state of the health at the
same time that the battery is charged. Within at least
some embodiments battery information such as voltage,
current and temperature are transmitted to the charging
station through wifi connection during charging. Such in-
formation can then be used to determine battery SOH
via one of the methods discussed above.
[0060] Within some embodiments of the present inven-
tion data regarding battery SOH is transmitted to a central
management system, such as a system for oversight and
control of mining equipment within a mine.
[0061] At least some embodiments of the present in-
vention provide for a work machine, comprising means
configured to perform the methods discussed above.
Within certain embodiments the work machine is a load
and/or haul vehicle or a drilling rig for underground work-
sites.
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[0062] Certain embodiments of the present invention
find use in charging of unground mobile vehicles. Under-
ground mobile vehicle may be unmanned, for example
remotely controlled from a control room, or manned, that
is operated by an operator sitting in a cabin of the mobile
vehicle. Mobile vehicles operating in underground work
sites may be autonomously operating, i.e. automated
mobile vehicles, which in their normal operating mode
operate independently without external control but which
may be taken under external control at certain operation
areas or conditions, such as during states of emergen-
cies. Underground mobile vehicles may be used as earth
moving machinery, for example a dump truck or a Load
Haul Dump (LHD) vehicle.
[0063] The term underground worksite herein is in-
tended to include a variety of underground worksites, in-
cluding for example different kinds of underground exca-
vation worksites, such as mines, roadwork sites, and rail-
road worksites. The term mobile vehicle herein refers
generally to mobile work machines suitable to be used
in the operation of different kinds of underground mining
or construction excavation worksites, such as lorries,
dumpers, dump trucks, vans, mobile rock drilling or mill-
ing rigs, mobile reinforcement machines, and bucket
loaders or other kind of mobile work machines which may
be used in different kinds of excavation worksites. Further
examples of mobile vehicles as discussed herein include
utility vehicles, such as people carriers and electric cars.
The mobile vehicles may be autonomously operating mo-
bile vehicles, which herein refers to automated or semi-
automated mobile vehicles.
[0064] Certain embodiments of the present invention
provide for a battery charger comprising at least one
processing core, at least one memory including computer
program code, the at least one memory and the computer
program code being configured to, with the at least one
processing core, cause the battery charger at least to
perform a method to determine battery state of health as
discussed above. For example the battery charger may
be caused to at least: recognize the battery via a unique
identifier; charge the battery; monitor at least one of: a
voltage supplied to the battery, a current supplied to the
battery and a temperature of the battery while charging
the battery; store data based at least partially on the val-
ues monitored during charging; retrieve data related to
at least one earlier charging instance of the uniquely iden-
tified battery; and determine a state of health of the
uniquely identified battery based at least partially on a
comparison of data related to the current charging in-
stance and the retrieved data. Mobile vehicles may also
be referred to as electric vehicles herein. Reference as
electric vehicle includes but is not limited to vehicles em-
ploying electric motors as their primary drives and hybrid
vehicles.
[0065] Some embodiments of the present invention
are communicatively connected to a further system
and/or network, such as a worksite management system,
a cloud service, an intermediate communications net-

work, such as the internet, etc. Such a system may, for
example, serve as a remote storage and/or computing
system. Such a service or system may be used to store
data regarding charging instances. For example charg-
ing data may be sent by a charger to the cloud service
and then retrieved later in order to make a determination
as per the methods discussed herein. The cloud service
may also be used to perform calculations as per the meth-
ods discussed herein. At least some embodiments em-
ploy a cloud service to both store the data and make the
determinations as per the methods herein. For example
a charger may be configured to charge a battery and
monitor said charging while sending data gathered during
charging to the cloud service. The data sent to the cloud
service may then be used to make a determination as
discussed within the methods herein. Such a determina-
tion may then be displayed, for example within the work-
site management system or sent back to the charger for
display locally at the charger or within a vehicle being
charged by the charger.
[0066] At least some embodiments of the present in-
vention provide for a non-transitory computer readable
medium having stored thereon a set of computer reada-
ble instructions that, when executed by at least one proc-
essor, cause a battery charger to at least: recognize a
battery connected to the charger via a unique identifier;
charge the battery; monitor at least one of: a voltage sup-
plied to the battery, a current supplied to the battery and
a temperature of the battery while charging the battery;
store data based at least partially on the values monitored
during charging; retrieve data related to at least one ear-
lier charging instance of the uniquely identified battery;
and determine a state of health of the uniquely identified
battery based at least partially on a comparison of data
related to the current charging instance and the retrieved
data.
[0067] It is to be understood that the embodiments of
the invention disclosed are not limited to the particular
structures, process steps, or materials disclosed herein.
It should also be understood that terminology employed
herein is used for the purpose of describing particular
embodiments only and is not intended to be limiting.
[0068] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
[0069] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may
be presented in a common list for convenience. However,
these lists should be construed as though each member
of the list is individually identified as a separate and
unique member. Thus, no individual member of such list
should be construed as a de facto equivalent of any other
member of the same list solely based on their presenta-
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tion in a common group without indications to the con-
trary.
[0070] In the description, numerous specific details are
provided, such as examples of lengths, widths, shapes,
etc., to provide a thorough understanding of embodi-
ments of the invention. One skilled in the relevant art will
recognize, however, that the invention can be practiced
without one or more of the specific details, or with other
methods, components, materials, etc. In other instances,
well-known structures, materials, or operations are not
shown or described in detail to avoid obscuring aspects
of the invention.
[0071] While the forgoing examples are illustrative of
the principles of the present invention in one or more
particular applications, it will be apparent to those of or-
dinary skill in the art that numerous modifications in form,
usage and details of implementation can be made without
departing from the scope of the invention. Accordingly,
it is not intended that the invention be limited, except as
by the claims set forth below.
[0072] The verbs "to comprise" and "to include" are
used in this document as open limitations that neither
exclude nor require the existence of also un-recited fea-
tures. The features recited in depending claims are mu-
tually freely combinable unless otherwise explicitly stat-
ed. Furthermore, it is to be understood that the use of "a"
or "an", i.e. a singular form, throughout this document
does not exclude a plurality.

ACRONYMS LIST

[0073]

AC Alternating Current
C C-rate
DC Direct Current
EOL End of Life
ICA Incremental Capacity Analysis
LHD Load Haul Dump
LFP Lithium Iron Phosphate
RFID Radio Frequency Identification
SOC State of Charge
SOH State of Health

Claims

1. A method for determining the state of health of a
battery by monitoring charging of said battery over
multiple charging instances, comprising a charging
station implementing steps of:

- recognizing the battery via a unique identifier;
- charging the battery;
- monitoring conditions of the battery during
charging, said conditions including at least one
of: a voltage supplied to the battery, a current
supplied to the battery and a temperature of the

battery;
- storing data related to the current charging in-
stance based at least partially on the monitored
conditions;
- retrieving data related to at least one earlier
charging instance of the uniquely identified bat-
tery; and
- making, during charging the battery, a deter-
mination of the uniquely identified battery’s state
of health based at least partially on a comparison
of the data related to the current charging in-
stance and the retrieved data related to at least
one earlier charging instance.

2. The method according to claim 1, wherein the only
data used in the determination of the battery’s state
of health is data gathered during charging of the bat-
tery.

3. The method according to any preceding claim,
wherein the determination of the battery’s state of
health is based on data gathered during constant
current charging of the battery.

4. The method according any preceding claim, wherein
the determination of the battery’s state of health is
based at least partially on a change in monitored
values between at least two monitored charging ses-
sions.

5. The method according to any preceding claim,
wherein only data gathered during a constant-cur-
rent phase of charging is used to make a determi-
nation of the battery’s state of health.

6. The method according to any preceding claim
wherein, the only information required from the bat-
tery in making the determination of state of health is
the unique identifying information.

7. The method according to any preceding claim further
comprising: controlling the charging such that at
least one of the monitored parameters is held within
a predetermined range during a predetermined time
period.

8. The method according to any preceding claim,
wherein the determination of the battery’s state of
health is based at least partially on a change in
charge over a predetermined voltage range.

9. The method according to any preceding claim,
wherein the determination of the battery’s state of
health is based at least partially on a change in a
charge of the battery over a change in voltage of the
battery [dQ/dV].

10. The method according to claim 9, wherein the deter-
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mination of the battery’s state of health is based at
least partially on an instantaneous change in a
charge of the battery over a change in voltage com-
pared across a range of voltages.

11. The method according to any preceding claim
wherein data regarding a previous charging instance
is retrieved from a remote location via wired or wire-
less communication.

12. A battery charging station (400) for determining the
state of health of a battery by monitoring charging of
a battery (435) over multiple charging instances,
comprising power electronics (410) configured to
control delivery of electric energy to the battery, and
control circuitry (450) connected to the power elec-
tronics to cause:

- recognizing the battery (435) via a unique iden-
tifier;
- charging the battery (435);
- monitoring conditions of the battery (435) dur-
ing charging, said conditions including at least
one of: a voltage supplied to the battery (435),
a current supplied to the battery (435) and a tem-
perature of the battery (435);
- storing data related to the current charging in-
stance based at least partially on the monitored
conditions;
- retrieving data related to at least one earlier
charging instance of the uniquely identified bat-
tery (435); and
- making, during charging the battery, a deter-
mination of the uniquely identified battery’s state
of health based at least partially on a comparison
of the data related to the current charging in-
stance and the retrieved data related to at least
one earlier charging instance.

13. The charging station 400 of claim 12, further com-
prising a communication unit 470 configured to com-
municate with an electric vehicle 405 containing the
battery 435.

14. A work machine, comprising means configured to
perform the method of any preceding claim 1 to 11.

15. The work machine of claim 14, wherein the work ma-
chine is a load and/or haul vehicle or a drilling rig for
underground worksites.

Patentansprüche

1. Verfahren zum Bestimmen des Gesundheitszu-
stands einer Batterie durch Überwachen des Ladens
der Batterie über mehrere Ladeinstanzen hinweg,
umfassend eine Ladestation, welche die folgenden

Schritte implementiert:

- Erkennen der Batterie über eine eindeutige
Kennung;
- Laden der Batterie;
- Überwachen von Bedingungen der Batterie
während des Ladens, wobei die Bedingungen
mindestens eines von Folgendem beinhalten:
einer der Batterie zugeführten Spannung, einem
der Batterie zugeführten Strom und einer Tem-
peratur der Batterie;
- Speichern von Daten, die sich auf die derzei-
tige Ladeinstanz beziehen, basierend mindes-
tens teilweise auf den überwachten Bedingun-
gen;
- Abrufen von Daten, die sich auf mindestens
eine frühere Ladeinstanz der eindeutig identifi-
zierten Batterie beziehen; und
- Durchführen einer Bestimmung des Gesund-
heitszustands der eindeutig identifizierten Bat-
terie während des Ladens der Batterie mindes-
tens teilweise basierend auf einem Vergleich
der Daten in Bezug auf die derzeitige Ladein-
stanz und den abgerufenen Daten in Bezug auf
mindesten eine frühere Ladeinstanz.

2. Verfahren nach Anspruch 1, wobei die einzigen Da-
ten, die bei der Bestimmung des Batteriegesund-
heitszustands verwendet werden, Daten sind, die
während des Ladens der Batterie gesammelt wur-
den.

3. Verfahren nach einem vorstehenden Anspruch, wo-
bei die Bestimmung des Batteriegesundheitszu-
stands auf Daten basiert, die während des Konstant-
strom-Ladens der Batterie gesammelt werden.

4. Verfahren nach einem vorstehenden Anspruch, wo-
bei die Bestimmung des Batteriegesundheitszu-
stands mindestens teilweise auf einer Änderung bei
den überwachten Werten zwischen mindestens zwei
überwachten Ladesitzungen basiert.

5. Verfahren nach einem vorstehenden Anspruch, wo-
bei nur Daten, die während eines Konstantstrom-
Ladephase gesammelt werden, verwendet werden,
um eine Bestimmung des Batteriegesundheitszu-
stands durchzuführen.

6. Verfahren nach einem vorstehenden Anspruch, wo-
bei die einzigen Informationen, die von der Batterie
erfordert werden, um die Bestimmung des Gesund-
heitszustands durchzuführen, die eindeutigen Iden-
tifikationsinformationen sind.

7. Verfahren nach einem vorstehenden Anspruch, wei-
ter umfassend: Steuern des Ladens sodass mindes-
tens einer der überwachten Parameter innerhalb ei-
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nes vorbestimmten Bereichs während eines vorbe-
stimmten Zeitraums gehalten wird.

8. Verfahren nach einem vorstehenden Anspruch, wo-
bei die Bestimmung des Batteriegesundheitszu-
stands mindestens teilweise auf einer Änderung der
Ladung über einem vorbestimmten Spannungsbe-
reich basiert.

9. Verfahren nach einem vorstehenden Anspruch, wo-
bei die Bestimmung des Batteriegesundheitszu-
stands mindestens teilweise auf einer Änderung in
einer Ladung der Batterie gegenüber einer Ände-
rung in einer Spannung der Batterie basiert [dQ/dV].

10. Verfahren nach Anspruch 9, wobei die Bestimmung
des Batteriegesundheitszustand mindestens teil-
weise auf einer sofortigen Änderung in einer Ladung
der Batterie gegenüber einer Änderung in der Span-
nung im Vergleich zu einem Spannungsbereich ba-
siert.

11. Verfahren nach einem vorstehenden Anspruch, wo-
bei Daten, die sich auf eine vorherige Ladeinstanz
beziehen, von einem entfernten Standort über ver-
drahtete oder drahtlose Kommunikation abgerufen
werden.

12. Batterieladestation (400) zum Bestimmen des Ge-
sundheitszustands einer Batterie durch Überwa-
chen des Ladens einer Batterie (435) über mehrere
Ladeinstanzen hinweg, umfassend eine Leistungs-
elektronik (410), die konfiguriert ist, um die Lieferung
von elektrischer Energie an die Batterie zu steuern,
und eine Steuerschaltlogik (450), die mit der Leis-
tungselektronik verbunden ist, um Folgendes zu be-
wirken:

- Erkennen der Batterie (435) über eine eindeu-
tige Kennung;
- Laden der Batterie (435);
- Überwachen der Bedingungen der Batterie
(435) während des Ladens, wobei die Bedin-
gungen mindestens eines von Folgendem be-
inhalten: einer der Batterie (435) zugeführten
Spannung, einem der Batterie (435) zugeführ-
ten Strom und einer Temperatur der Batterie
(435);
- Speichern von Daten, die sich auf die derzei-
tige Ladeinstanz beziehen, basierend mindes-
tens teilweise auf den überwachten Bedingun-
gen;
- Abrufen von Daten, die sich auf mindestens
eine frühere Ladeinstanz der eindeutig identifi-
zierten Batterie (435) beziehen; und
- Durchführen einer Bestimmung des Gesund-
heitszustands der eindeutig identifizierten Bat-
terie während des Ladens der Batterie mindes-

tens teilweise basierend auf einem Vergleich
der Daten in Bezug auf die derzeitige Ladein-
stanz und den abgerufenen Daten in Bezug auf
mindesten eine frühere Ladeinstanz.

13. Ladestation (400) nach Anspruch 12, weiter umfas-
send eine Kommunikationseinheit (470), die zum
Kommunizieren mit einem Elektrofahrzeug (405)
konfiguriert ist, das die Batterie (435) enthält.

14. Arbeitsmaschine, umfassend Mittel, die konfiguriert
sind zum Durchführen des Verfahrens nach einem
der vorstehenden Ansprüche 1 bis 11.

15. Arbeitsmaschine nach Anspruch 14, wobei die Ar-
beitsmaschine ein Last- und/oder ein Streckenfahr-
zeug oder eine Bohranlage für Untertage-Arbeits-
stätten ist.

Revendications

1. Procédé de détermination de l’état de santé d’une
batterie en surveillant un chargement de ladite bat-
terie au cours de plusieurs instances de chargement,
comprenant une station de chargement mettant en
oeuvre des étapes consistant à :

- reconnaître la batterie via un identifiant
unique ;
- charger la batterie ;
- surveiller des conditions de la batterie durant
un chargement, lesdites conditions incluant au
moins un de : une tension fournie à la batterie,
un courant fourni à la batterie et une température
de la batterie ;
- un stockage de données liées à l’instance de
chargement courante sur la base au moins en
partie des conditions surveillées ;
- récupérer des données liées à au moins une
instance de chargement antérieure de la batte-
rie identifiée de manière unique ; et
- le fait d’effectuer, durant un chargement de la
batterie, une détermination de l’état de santé de
la batterie identifiée de manière unique sur la
base au moins en partie d’une comparaison des
données liées à l’instance de chargement cou-
rante et des données récupérées liées à au
moins une instance de chargement antérieure.

2. Procédé selon la revendication 1, dans lequel les
seules données utilisées dans la détermination de
l’état de santé de la batterie sont des données re-
cueillies durant un chargement de la batterie.

3. Procédé selon une quelconque revendication pré-
cédente, dans lequel la détermination de l’état de
santé de la batterie est basée sur des données re-
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cueillies durant un chargement courant constant de
la batterie.

4. Procédé selon une quelconque revendication pré-
cédente, dans lequel la détermination de l’état de
santé de la batterie est basée au moins en partie sur
un changement de valeurs surveillées entre au
moins deux sessions de chargement surveillées.

5. Procédé selon une quelconque revendication pré-
cédente, dans lequel seules des données recueillies
durant une phase de chargement courante constan-
te sont utilisées pour effectuer une détermination de
l’état de santé de la batterie.

6. Procédé selon une quelconque revendication pré-
cédente, dans lequel les seules informations exi-
gées de la batterie pour effectuer la détermination
d’un état de santé sont les informations d’identifica-
tion unique.

7. Procédé selon une quelconque revendication pré-
cédente comprenant en outre : une commande du
chargement de telle sorte qu’au moins un des para-
mètres surveillés soit maintenu dans une plage pré-
déterminée durant une période de temps prédéter-
minée.

8. Procédé selon une quelconque revendication pré-
cédente, dans lequel la détermination de l’état de
santé de la batterie est basée au moins en partie sur
un changement de chargement dans une plage de
tensions prédéterminée.

9. Procédé selon une quelconque revendication pré-
cédente, dans lequel la détermination de l’état de
santé de la batterie est basée au moins en partie sur
un changement de chargement de la batterie par
rapport à un changement de tension de la batterie
[dQ/dV].

10. Procédé selon la revendication 9, dans lequel la dé-
termination de l’état de santé de la batterie est basée
au moins en partie sur un changement instantané
de chargement de la batterie par rapport à un chan-
gement de tension comparé dans une plage de ten-
sions.

11. Procédé selon une quelconque revendication pré-
cédente dans lequel des données concernant une
instance de chargement précédente sont récupé-
rées à partir d’un emplacement distant via une com-
munication filaire ou sans fil.

12. Station de chargement de batterie (400) permettant
de déterminer l’état de santé d’une batterie en sur-
veillant un chargement d’une batterie (435) au cours
de plusieurs instances de chargement, comprenant

une électronique de puissance (410) configurée
pour commander une distribution d’énergie électri-
que à la batterie, et un ensemble de circuits de com-
mande (450) connecté à l’électronique de puissance
pour provoquer :

- une reconnaissance de la batterie (435) via un
identifiant unique ;
- un chargement de la batterie (435) ;
- une surveillance de conditions de la batterie
(435) durant un chargement, lesdites conditions
incluant au moins un de : une tension fournie à
la batterie (435), un courant fourni à la batterie
(435) et une température de la batterie (435) ;
- un stockage de données liées à l’instance de
chargement courante sur la base au moins en
partie des conditions surveillées ;
- une récupération de données liées à au moins
une instance de chargement antérieure de la
batterie identifiée de manière unique (435) ; et
- le fait d’effectuer, durant un chargement de la
batterie, une détermination de l’état de santé de
la batterie identifiée de manière unique sur la
base au moins en partie d’une comparaison des
données liées à l’instance de chargement cou-
rante et des données récupérées liées à au
moins une instance de chargement antérieure.

13. Station de chargement 400 selon la revendication
12, comprenant en outre une unité de communica-
tion 470 configurée pour communiquer avec un vé-
hicule électrique 405 contenant la batterie 435.

14. Machine de travail, comprenant des moyens confi-
gurés pour réaliser le procédé selon une quelconque
revendication précédente 1 à 11.

15. Machine de travail selon la revendication 14, dans
laquelle la machine de travail est une chargeuse
et/ou une transporteuse ou un appareil de forage
pour des chantiers souterrains.
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